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An important priority of Ukraine's economic policy is the careful use of energy. The country
has a broad-based energy efficiency policy, and energy efficiency is complex, covering both the
legislative framework and technical innovations. One of the effective ways to reduce energy costs for
the needs of the national economy is to carry out thermal modernization of the heating system. In
this article economic indicators of thermal sanitary measures during reconstruction of the heating
system of the object are given. In the reconstruction of the heating system, the following thermal
renewal measures were adopted for comparison: installation of the solar roof, reconstruction of the
heating system and installation of the heating air solar system. The purpose of this work is to
establish the economic indicators of the thermal renovation measures in the reconstruction of the
heating system of an apartment building using a solar roof at the different values of discount index.
The use of modern methods of evaluating the cost-effectiveness of thermal modernization is taken
into account in the latest concept of economic calculations, in particular the recommendation of
United Nations Industrial Development Organization. Energy audit of the heating system was
carried out taking into account the different values of discount index r. There were optimized the
thermal renewal variants taking into account the different values of discount index was carried out.
Using of the solar roof gives a possibility to design of effective energy-saving heating systems in the
buildings. Solar air heating system has a high value of the simple payback time, but it is useful as
aggregate energy saving variant and provides economic effect.

Key words: energy saving, solar roof, solar air heating system, thermal renewal measurements,
energy audit, solar panel.

Introduction

Nowadays, the issues of energy saving, energy accounting and cost management are extremely
topical. In the face of an acute economic crisis, careful use of energy is an important priority of Ukraine's
economic policy. Today, as a priority, a large-scale energy-saving policy is being implemented in our
country. Energy-saving tasks in Ukraine are complex and cover aspects of both external heat supply and
internal engineering systems of buildings (heating, ventilation and air conditioning), as well as the
legislative framework and technical innovation. A lot of energy is spent on creating a microclimate in
industrial and residential premises.

There is no doubt, that the energy costs for the needs of the heating system must also be reduced as
a result of thermal modernization. To achieve the maximum effect, it is necessary to determine the
economically feasible level of heat protection of the heating systems, which should be optimal both in
thermal and economic terms. The choice of energy-efficient operating conditions for existing heating
systems is often made using the UNIDO technique.



52 Orest Voznyak, Mariana Kasynets, Khrystyna Kozak, Iryna Sukholova, Oleksandr Dovbush

Target of this article

This article is intended for establishing of the economic indicators of the thermal renovation
measures in the reconstruction of the heating system of an apartment building using a solar roof at the
different values of discount index.

Techniques used

One of the energy-efficient ways to heat high rooms is to use systems with infrared heaters (Mysak
et al., 2014; Voznyak & Shapoval, 2010) that allow purposeful partial heating of different areas of the
production room. To reduce heat losses in heat supply systems, it is advisable to insulate the fittings and
shut-off valves (Voznyak et al., 2003).

In the reconstruction of heating systems the
thermal renovation (energy-saving) measures should

be used (Voznyak et al., 2017; Zhelykh et al., 2019;
5 Chen, 2011; Saleh, 2012). There are worthy of

attention: installation of a solar roof, reconstruction of

the heating system, installation of a solar air heating
system (Summers, 2010; Mendaza, 2014; Fatah et

al., 2015; Ajam et al., 2005).

On the basis of the theoretical and experimental

Fig. 1. Construction of the solar panel: research the energy saving design of the solar roof was
1 - protective coating; 2 — heat conducting  developed (Fig. 1).
layer; 3 — thermal insulation layer; 4 — pipeline Technical solutions is proposed to improve the
for supply and removal of heat carrier; thermal performance of the solar roof (Fig. 1).

5 - heat reflective screen As a thermal barrier, a solar panel was used

(Fig. 2), consisting of a protective coating 1, which serves as a water proofing and absorption layer and
islocatedon a heat-conducting layer 2, which acts as a heat energy accumulator, which houses corrugated
pipelines 4 for supply and removing the coolant, the thermal insulation layer 3 to protect the floor slab
from overheating, which is located under the heat-conducting layer, which houses the heat-reflecting
screen 5.

Fig. 2. Scheme of the experimental setup:
1 —solar panel; 2 (8) — pipeline of cold (heated) coolant; 3 (9) — tank of cold (heated) coolant;
4 — thermal sensor (resistance thermocouples); 5 — shut-off valves; 6 — flowmeter;
7 — balancing valve; 10 — drainage pipeline;11 — thermal emitter.
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The installation consisted of a solar panel, a storage tank, shut-off valves, pipelines and a flow
meter.

On this basis, a heating system with developed solar roof was proposed (Fig. 3).The developed
structure can be installed on the roof of the building or installed in the roof.

An important step is to choose the method of placement of the phases of the transientheat storage
material. In Fig. 3 it is shown an arrangement of heat storage with a saturated solution of Glauber salt in
the air duct.

Fig. 3 Schemes of the HASS room with a phase-transition heat accumulator and solar collectors:
a) in the construction of the roof of the house; b) on the wall of the house;
1 — fresh air intake duct; 2 — air solar collector; 3 — the supply air duct; 4 — the main air duct with the
accumulation covering; 5 — air filter; 6 — channel electric heater; 7 - fan; 8 — air distribution grid,;
9 — air intake grate; 10 — apartment for natural ventilation; 11 — control unit

Therefore, thermo-modernization of the heating system is an effective way of reducing energy
consumption for heat supply (Alkilani et al., 2011; Charvat et al., 2011; Zhao et al., 2011; Charvat et al.,
2013). At the same time an important role is played by the technical and economic evaluation of the
effectiveness of the measures. The use of modern methods of evaluating the cost-effectiveness of thermo-
modernization is taken into account in the latest concept of economic cal culations, in particular the
recommendation of UNIDO (United Nations Industrial Development Organization) (Voznyak et al.,
2017; Voznyak et al., 2003). In this regard, it is advisable to use terminology, symbols and key economic
characteristics according to (Voznyak et al., 2019; Kharsef, 2012; Kim, 2001).

Energy audit of the heating system was carried out taking into account the different values of
discount index r. This value depends on economical situation in Ukraine; it was r = 0.18 in 2019 and
r =0.11 in 2020.

Thus, an optimal variant and its economic characteristics were obtained by the following order:

1. Calculation of annual energy consumption for the needs of heating system Q,, GJ/year and this
option is considered as basic.

2. Thermal renewal measures are chosen:

2.1 Installation of the solar roof.
2.2 Reconstruction of the heating system.
2.3 Installing of solar air heating system.

3. Calculating energy efficiency AQ; for each thermal renewal measure:AQ, = Q, — Q;, and hence —
annual savings K;, UAH/year.

K;=4Q:P,, 1)
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Obtained results are in Table 1.

Characteristics of energy saving measures

Table 1

Energy savin Savi
Energy_costs.for A e TS ay g avings money
the basic option DQ; K;
Ne Measures Qi
QD' DQi= Qo_Qi, I{i:DQiIPx,
Gllyear
Gllyear Gllyear UAH/year
1 | Installation of the solar roof 80.5 44.3 36.2 11946
) Reconstruction of the heating 805 205 10.0 3300
system
3 Installing of the solar air heating 80.5 59.2 213 7029
system.

4. Capitalization of investment costs I; and work on each thermal renewal measure (Table 2).
5. Determination of indicators of each thermal renewal measure: SPBT;, and NPVR;at the different

values of discount index: r = 0.18 (Ukraine, 2019) and r = 0.11 (Ukraine, 2020) (Table 2).

Table 2
Economic indicators of the thermal renewal measures.
I KI- SPBT, NPVR; NPVR;
Ne Measures ! (r=0.18) | (r=0.11)
UAH UAH/year year UAH UAH

1 | Installation of the solar roof 72000 11946 6.0 +6645 +33224
) Reconstruction of the heating 34000 3300 103 12509 +12543

system

Installing of solar air heating
3 104000 7029 14.8 +3592 +17963

system

6. Realization of optimization for getting of maximal economic effect (Table 3).
It should be noted that Table 3 includes two rows with the different values of discount index:
r = 0.18 (Ukraine, 2019) and r = 0.11 (Ukraine, 2020). It is interesting to compare economical parameters

at these conditions.

Table 3

Optimization of options for getting of maximal economic effect according to paragraph 6

No Measures Variants
| ] 11
1 | Installation of the solar roof + +
2 Reconstruction of the heating system +
3 | Installing of solar air heating system.
Indexes

1 Investmentexpenses/ (UAH) 72000 106000 210000
2 AnnualsavingsK (UAH) 11946 15246 22275
3 | Simple time of returning expenses- SPBT (year) 6.0 7.0 9.5
4 Net Present Value Ratio - NPVR(r = 0.18) (UAH) +6645 +11226 +12285
5 Net Present Value Ratio - NPVR(r = 0.11) (UAH) +33224 +56132 +61423
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Optimization was carried out according to order (Zhelykh et al., 2019). It should be noted, that
lower value of the discount index r results in to better situation concerning Net Present Value Ratio.

So, we have optimized the thermal renewal variant taking into account the data of p.6 and compile
Table 3 ordered from the first thermal renewal measure”Installation of the solar roof”, which has minimal
parameter SPBT;, until the third one “Installing of solar air heating system* with a maximum SPBT;.

We can assert, that the maximum economic effect is in the case of the simultaneous application of
three thermal renewal measures (Table 3). It should be noted that the optimization carried out is complete
and the different values of discount index were taking into account. The specific profit from the
realization of energy-saving technologies during the period of their operation is over 60 thousands UAH.

Conclusions

1. Optimization of thermal renewal variants taking into account the different values of discount
index was carried out.

2. Using the solar roof gives a possibility to design of effective energy-saving heating systems in
the buildings.

3. Solar air heating system has a high value of SPBT, but it is useful as aggregate energy saving
variant and provides economic effect.
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Kadenpa Teraora3onocTayaHHst 1 BEHTUIAIIT

TEPMOMOJEPHI3AIIA CUCTEMHU OITAJIEHHA 3 BUKOPUCTAHHAM I'EJIIOITIOKPIBJIT

O Bosuax O. T, Kacuneyv M. €., Kozak X. P., Cyxonosa I. €., Jlosoyu O. M., 2020

BaymuBUM NpIOPUTETHUM 3aBAAaHHAM E€KOHOMIYHOI MOMITHKH YKpaiHu € n0aiiinnBe BUKOPHUCTAHHS
SHEproHoCiiB. Y KpaiHi MPOBOAWTHCS IIMPOKOMAcCIITaOHA MOJITHKA €HEPrOOIIaAHOCTI, a 3aBIaHHs €HEpro-
OINAJHOCTI € KOMIUICKCHIMH Ta OXOIUTIOIOTH SIK 3aKOHOAaBduy 0a3y, Tak i TeXHiuHi iHHOBaiii. OmHNM 3
e(eKTUBHUX CIOCOOIB 3MEHIIEHHS €Hepro3arpar Ha MOTpeOM HApOJHOTO TOCHIONApCTBA € IPOBEICHHS
TEPMOMO/JIEPHI3allisl CHCTEM TEIUIONOCTauyaHHs . HaBeneHO eKOHOMIYHI MOKa3HMKH TEPMOPEHOBAIIHHUX
3aXO0JIiB IPU PEKOHCTPYKIII CHCTEMH OMAJICHHS )XHUTIOBOro OynuHKY. [lopiBHIOBaNM Taki TepMOpPEHOBAIIiHHI
3aXO0JM. BCTAHOBJICHHS TeNONMOKPIBIIi, PEKOHCTPYKIISI CHCTEMH OIAJICHHS, BCTAHOBJICHHA CHCTEMH CO-
HSYHOTO HOBITPSHOTO OMaNeHHSI. MeToro poboTH € BCTAHOBJICHHA €KOHOMIYHHX MOKA3HMKIB 3aXOiB TEIJIO-
BOT'O OHOBJICHHS TIPH PEKOHCTPYKIIi CHCTEMHU ONaJCHHS 0araTOKBapTHPHOTO OYAWHKY 3 BHKOPHCTaHHSIM
COHAYHOI IMOKPIBJIi 3a PI3HUX 3HAUCHb IHAEKCY 3HIKOK. BHUKOpHCTaHHSA CydaCHMX METOIB OILIHIOBAaHHS
€KOHOMIYHOI e()eKTHBHOCTI TEIIOBOI MOZEpHI3alii BpaxOBYEThCS B HOBITHIN KOHLENLIi E€KOHOMIYHHX
po3paxyHKiB, 30Kkpema pexkomeHpamisiMu Opranizanii O6’exHanux Hamili i3 TPOMHCIOBOTO pO3BHTKY.
EnepreTuuHmii ayuT CHCTEMH ONAJCHHS IPOBOIMIN 3 YPaXyBaHHSIM pi3HUX 3HA4€Hb IHAEKCY 3HMXKOK I.
Byno omrumizoBaHO BapiaHTH TEIUIOBOTO OHOBIICHHS 3 ypaxXyBaHHSAM pPI3HHUX 3HA4EHb 1HJACKCY 3HIDKOK.
BukopucTaHHsl COHSYHOT TOKpIBJI /A€ MOJMKIJIHMBICTh MPOCKTYBAaTH €()EKTHBHI E€HEProouagHi CHUCTEMH
onaneHHs B Oyauukax. COHSYHA cHCTeMa HarpiBaHHS IIOBITPS Ma€ BHCOKY LIHHICTH MPOCTOTO dHacy
OKYITHOCTI, ajie BOHa KOPHUCHA sIK CYKYITHHI1 BapiaHT eKOHOMIT eHeprii Ta 3a0e3neuye eKOHOMIYHUN e(eKT.

Kiro4oBi cjioBa: eHeproomagHicTh, rejiomoKpiBis, cHUCTeMa COHSYHOIO MOBITPSHOIO Oma-
JIeHHS$1, TEPMOPEHOBAIliliHi 32aX01M, eHeProayIuT, COHAYHA NaHeb.



